Recent progress in the interpretation of scintillation and angular broadening of radio sources indicates that the correlation length for electron-density fluctuations in the interplanetary plasma may be four orders of magnitude larger than was earlier supposed. In that case we expect rms fluctuations in the times of arrival of pulsar pulses to be as large as 10 ms at 75 MHz, if the apparent distance of the pulsar from the solar center is 10 Rq. Detection of fluctuations in the times of arrival could provide valuable new information about the nature of the solar coronal turbulence, since this effect is sensitive primarily to the longer wavelengths in the turbulence spectrum, in contrast to scintillation and angular broadening, which are sensitive to the shortest wavelengths.
I. INTRODUCTION
In an earlier paper (Hollweg 1968a, hereinafter referred to as Paper I) we discussed a number of effects which the solar corona might have on pulsar signals. This earlier work was inspired particularly by the discovery (Turtle and Vaughan 1968) of the southern pulsar PSR 2045 -16, which at the end of January appears within some 6 Rq of the solar center. The more recent discovery (Staelin and Reifenstein 1968) of the pulsating radio source NP 0532 in the Crab Nebula offers a further possibility of detecting the influence of the solar corona, since the Crab Nebula appears within 10 Rq of the solar center in mid-June. The recently discovered pulsar MP 1857 (Vaughan and Large 1970) appears also within some 10 R© of the solar center in early January, but the signals are weak and erratic, and are probably unsuitable for detection of the weak effects of the solar corona. Finally, it should be mentioned that pulsar CP 0950 (Pilkington et al. 1968) appears somewhat farther from the solar center, at 20 Rq, during mid-August. Even at this distance, some useful coronal observations might be made.
The possibility of using pulsar signals as a means of probing the solar corona has been suggested also by Counselman and Shapiro (1968) , and some early results have been reported by Goldstein and Meisel (1969) .
In Paper I we inquired in particular whether it would be possible to detect random fluctuations in the times of arrival of signal pulses, due to turbulent fluctuations in the electron density (and thus refractive index) of the solar corona. Basing our calculations on an expected (Hewish and Dennison 1968) correlation length of 200 km for the electron-density fluctuations, we conclude in Paper I that fluctuations in times of arrival of pulses would be unobservable. Recent progress in the interpretation of scintillation (Jokipii and Hollweg 1970) and angular broadening (Hollweg 1970, hereinafter referred to as Paper II) of radio sources due to solar coronal turbulence, however, indicates that the correlation length may actually be of the order of 1.7 X 10 6 km. It is the purpose of this Letter to show that with a correlation length of this magnitude the rms fluctuations in the arrival times of pulses may be as large as 10 msec at 75 MHz; a deviation of this magnitude in the arrival time of a signal pulse, from its expected arrival time in the absence of random coronal effects, should be observable. If this effect is detected, or if a suitable upper limit can be established, it will provide valuable new information about the nature of the coronal turbulence.
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H. ANALYSIS
Random fluctuations, dp, in the refractive index of a medium produce fluctuations, ôt, in the time of flight of signal pulses through the medium, given by <5/ = -fbuds ,
c o where s is the ray arc length, and in the lowest-order approximation the integral is to be carried out over the direct (i.e., linear) ray path. Changes in the path length, due to the <í scattering ,, of the ray path by the random fluctuations of the refractive index (this leads to the observed angular broadening of radio sources, as discussed in Paper II and the references therein), also contribute to ht. We show below, however, that this contribution should be small for signal frequencies above about 50 MHz. Thus for frequencies above about 50 MHz we integrate only along the unscattered, direct ray. Squaring equation (1) and averaging (the average will be indicated by angular brackets), we obtain after a change of variable
where the extension of the limits of integration to ± is valid if the distance over which the indicated fluctuations in refractive index are correlated is small compared with the path length over which significant contributions to the Si integration occur; since the correlation length is of the order of 1.7 X 10 6 km, we expect the extension to ± oo to be valid as long as the apparent angular distance of the pulsar from the solar center is ^greater than about 10 Rq. The correction term discussed by Hollweg (1968a, b) does not appear in equation (2), since we find that in the present discussion it is completely negligible.
The fluctuations of the refractive index are assumed to be describable by a two-point correlation function, R^:
The Fourier transform of is the power spectrum, P^: What is the form of P ß (q)? In Paper II we showed that the power spectrum is expected to be flat for wavenumbers below q h where qr 1 = Li is the correlation length, and to fall off according to a power law between qi and <72, beyond which the power spectrum is negligible. The quantity Ç2" 1 = Lz represents the "shortest" wavelength in the spectrum, and is of the order of 330 km. In Figure 1 is shown the approximate form for P ß (q) which we will use in this work. The index a is the exponent which characterizes one-dimensional power spectra of magnetic-field and velocity fluctuations in the solar wind, as obtained from satellite observations; a is found typically to he between 1 and 2 (Sari and Ness 1969). The quantity P 0 measures the strength of the turbulence. We will not write No. 3, 1970 L227 our results in terms of P 0 , however, but will use instead the mean-square fluctuation in refractive index, (ô 2 /z), which follows directly from inversion of equation (4) :
TIMES OF ARRIVAL OF PULSAR PULSES
Using the chosen form for the power spectrum, we may carry out the inner integral in equation (5) where in equation (7a) we have assumed ln (L1/L2) and in equation (7b) we have assumed (¿2/1,1) 0-1 1. From equations (7) we make note oPthe important fact that if a > 1, or if the variation of In over the ray path is weak, the mean-square fluctuation in arrival time is influenced only by the correlation length, and not by the inner scale. This is to be contrasted to radio-star scintillations, which are affected primarily by the shortest wavelengths in the spectrum and by the radius of the first Fresnel zone, and to the angular broadening of radio sources, which usually depends on both Li and Li (Paper II). Thus measurements of fluctuations in times of arrival can provide information about a region of the spectrum to which other methods are not unambiguously sensitive; it is for this reason that we emphasize the importance of measurements of this type.
If the refractive index is given by the usual relation /x 2 = 1 -w p 2 /co 2 , where co p is the plasma frequency and (u/2tt) the signal frequency, we find that the rms fluctuation in the times of arrival of signal pulses varies as or 2 . Thus lower frequencies lead to larger fluctuations. There is a competing effect (to be discussed below), however, which suggests that fluctuations in the times of arrival should be most observable in the 50-100-MHz range.
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We could now proceed from equations (7) to estimate the behavior of (ôtôt). We find it more convincing, however, to relate (ôtôt) to the mean-square angular broadening (d\f/ô\l/) of a radio source, due to turbulent fluctuations in the solar corona. Numerous measurements of (à\l/ô\p) exist, and these data provide a firmer basis for estimating the magnitude of (ôtôt).
Expressions for (ô\//ôÿ) have appeared in Paper II, and we will not repeat them here. For the particular values a = 1, f, 2, we obtain (ôtôt) = ShU^Ô^/â , a = 1 ; (8a)
In equations (8) we have assumed only that Li and Li are constant with distance from the Sun. In Paper II we show that the existing data on angular broadening are in fact consistent with constant Li and However, it was there pointed out that the angularbroadening data at times (curves 1, 2, 3, and 9 of Fig. 2 , to be discussed below) suggest an alternative interpretation, in which L\ and L2 both increase linearly with distance from the Sun. In that case the rms fluctuations in the arrival times of pulses will be too small to observe, and we therefore confine our attention to constant Li and L2; it should be mentioned, however, that establishment of a suitable upper limit for (ôtôt) might enable one to distinguish between the alternative interpretations of the angular-broadening data, particularly if (óif/órf/) is simultaneously measured.
Observed values of the angular broadening are displayed in Figure 2 (where 0o 2 = 2(ô\l/ô\l/)), for a frequency of 100 MHz; the values of 4> 0 scale as or 2 . These curves and equations (8) allow us to estimate the behavior of (ôtôt) as a function of p 0 , the apparent source distance from the Sim. Thus the rms fluctuations in times of arrival depend strongly on the strength of the turbulence, as indicated by the angular-broadening data, and on the exponent a. Strong turbulence seems to be associated with solar maximum (cf. Fig. 2 and Table 1 ), and may in fact prevail at the present time. Whether a is close to 2 or not cannot be predicted; but the possibility of obtaining time-of-arrival fluctuations as large as 10 ms does indeed suggest that this measurement should be attempted. In this context we emphasize that simultaneous measurements of the fluctuations in time of arrival and of the angular broadening would be most desirable.
in. LIMITATIONS
There are several problems inherent in the detection of fluctuations in times of arrival of pulses. One problem is, of course, the pulse-to-pulse fluctuation intrinsic to the source. Tins has been reported (Ekers and Moffet 1968) to be 2 ms for CP 1133 at 13 cm; there is no indication that this value is larger at lower frequencies, Thus the large fluctuations indicated in Figure 3 should not be hidden by intrinsic fluctuations. A similar problem concerns the fluctuations in time of arrival due to fluctuations in the interstellar electron Fig. 2. -Angular broadening versus po, the distance between the solar center and the point on the ray closest to the Sun. The curves are from observations (normalized to / = 100 MHz) of natural radio sources (see Table 1 ). 0 O scales as/" 2 . density; these fluctuations in arrival time should occur so slowly (due to the small velocities and large-scale lengths in interstellar space) as to be easily distinguished from the faster coronal effect we are discussing here. A second problem concerns the temporal broadening of a pulse due to multipath effects in the solar corona, as has been discussed in Paper I. This effect is in essence the contribution to 8t due to the change in path length of a ray, which was mentioned following equation (1). But the change in path length will be manifested as a temporal broadening of a pulse (rather than simply as an additional variation in the pulse arrival time) if the angular broadening is so large that many scattered rays intersect at the observer; this is what we mean by a íí multipath ,, effect. The time of flight along the various paths will differ slightly from one another, and the resultant observed composite pulse will be broader than the source pulse. The values for the angular broadening indicated in Figure 2 are in fact large enough to lead to ray-path intersection at the Earth, Okoye and Hewish (1967) and we expect temporal pulse broadening to occur. The mean temporal broadening, A/, due to changes in the path length, is given by
where sc^.\ a.u. is the path length. If the fluctuations in time of arrival are not to be obscured by the broadening of a pulse, we require A¿ < {btU) 112 . Using the values for Li and Z/2 given above, we find from equations (8) where 0 O is measured in degrees. Recalling that 0o scales as co -2 , we see from, for example, curves 2 and 5 of Figure 2 that for frequencies less than about 50 MHz the temporal broadening of a pulse will be so large as to hide the fluctuations in its arrival time when po ^ 10 Rq. On the other hand, recalling that {UU) l{2 also scales as co" 2 , we see from Figure 3 that for frequencies above about 100 MHz the fluctuations in time of arrival will generally be too small to measure. We thus suggest frequencies between 50 and 100 MHz as those most likely to yield positive results. We should note that equations (9) and (10) give only the multipath effect due to differences in the geometrical path length. We might also expect an additional contribution to the temporal broadening of a pulse if each of the multipaths passed through appreciably different fluctuations in refractive index. This is not the case, however, because the average displacement of a scattered ray from the linear direct ray, s(ô\//d\f/) 112 , is much less than L h if we take s = 1 a.u. and (5^ô^) 1/2 = 0?1. Since the ray displacement is much less than the correlation length for the refractive-index fluctuations, we expect that the various multipaths will see essentially the same 8n, and the multipath effect will be due solely to changes in the geometrical path length, as calculated in equations (9) and (10).
Finally, we ask how fast the time-of-arrival fluctuations occur. If we assume that temporal changes in the medium are due to the convection, at velocity v, of spatial irregularities in the medium, so that d/dt = v V, we may readily show that 
From equations (8) and (12) we find T = 2700 sec when a -2 and T = 715 sec when a = §, if we take v = 300 km sec -1 and the values of Zi and Li given above. It will thus be necessary to make observations, and to preserve the required phase stability, over several hours. This figure is actually a maximum estimate, however, since the convection term may not be the only contribution to d/dt.
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